C AROTID angiography is the radiographic technique usually undertaken for investigation of patients prior to carotid endarterectomy. Although other investigations, such as Doppler ultrasound 2'6 and ophthalmodynamometry, ~ may be useful in the assessment of patients for surgery, direct imaging of the vessels in the neck is still considered essential.
The risks of carotid angiography in patients with vascular disease are well documented. 5,7 Intravenous digital subtraction angiography (IV DSA) is a relatively noninvasive low-risk procedure which has been shown to provide satisfactory imaging of the cervical carotid artery. 3'4'8-~~ However, the problem remains as to whether IV DSA is a sufficiently reliable imaging technique prior to carotid endarterectomy. This study compares the operative findings at carotid endarterectomy with the preoperative IV DSA, and assesses the accuracy of this technique in predicting the lesion found at surgery.
Clinical Material and Methods
We studied 54 patients who underwent a total of 57 carotid endarterectomy operations. Four IV DSA studies conducted early in the series were technically unsatisfactory, leaving 50 patients with 53 carotid endarterectomy procedures for evaluation. During the period of this study, a total of 85 carotid endarterectomy operations were performed, so that IV DSA was not performed in 28 cases. These 28 patients had been referred with adequate cerebral angiograms, so further investigation was considered unnecessary.
The method of IV DSA used at this institution in over 9000 patients has been described previously. 2'7'9 In brief, a No. 16 angiocatheter, 20 cm in length, was inserted into a peripheral arm vein and attached to a pressure injector. For extracranial studies, 40 ml of Renografin-76 (diatrizoate meglumine and diatrizoate sodium) followed by 20 ml of 5% dextrose was injected at a rate between 12 and 20 ml/sec, depending on the size of the arm vein. If intracranial studies were performed, 50 ml of Renografin-76 was injected. Up to five injections were performed depending on the patient's weight, age, and renal function. The carotid bifurcations were initially studied with 70 ~ right and left posterior oblique projections. If necessary, the degree of obliquity was varied to obtain better visualization. Further views were used to examine the carotid siphon and parasellar internal carotid artery. Initial studies were performed on a specially designed prototype DSA system* with a 256 • 256 matrix) ,~~ Studies performed since January, 1981, have been carried out The preoperative IV DSA was independently evaluated in all patients, as were the preoperative conventional carotid angiograms and intra-arterial digital subtraction angiograms (IA DSA's), if performed. Severe carotid artery stenosis was defined as narrowing greater than 75% of the vessel diameter, and the carotid artery was said to be moderately stenotic if the narrowing was between 50% and 75%. The operative findings were recorded with regard to degree of stenosis, presence of ulceration, and whether thrombus was found in the ulcers. 
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Results Table 1 shows the findings at carotid endarterectomy in 53 cases.
Severe Carotid Stenosis
Severe carotid artery stenosis found at 43 carotid endarterectomy operations was correctly predicted in all cases by IV DSA (Fig. 1 ), as well as in the 38 vessels studied by conventional carotid angiography and in two examined by preoperative IA DSA. Thirty of the 43 carotid arteries had gross ulceration in addition to severe carotid stenosis at surgery, and 21 of these had thrombus in the ulcer. Table 2 shows the accuracy of IV DSA and conventional carotid angiography in predicting ulceration in the presence of severe carotid artery stenosis. In only seven of these 30 cases did IV DSA show ulceration; four of these had thrombus in the ulcer and three did not ( Fig. 2 ). Twenty-six of 30 cases with ulceration demonstrated at surgery also had preoperative conventional carotid angiography. Nine of these studies demonstrated ulceration in addition to the severe carotid artery stenosis. Thrombus in the ulcer was found at surgery in six patients.
In two cases of severe carotid artery stenosis, carotid angiography correctly predicted ulceration which IV DSA did not show, and in both of these patients thrombus was found in the ulcer at surgery. Conversely, in no patient with severe carotid stenosis did IV DSA show an ulcer that had not been demonstrated by carotid angiography.
Moderate Carotid Stenosis
Nine carotid arteries were revealed at surgery to have moderate stenosis and deep ulceration. Table 3 shows the success of IV DSA and conventional carotid angiography in predicting ulceration with moderate carotid artery stenosis. Stenosis and ulceration were correctly predicted by IV DSA in all cases. Five of the carotid arteries were studied by preoperative carotid angiography which also correctly demonstrated the operative findings. One patient had moderate carotid artery stenosis and ulceration containing thrombus at 
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Ulceration Without Stenosis
In one patient, severe deep ulceration was found at surgery in a carotid artery without stenosis. This was shown by IV DSA and conventional carotid angiography ( Fig. 3 ).
C o m m e n t
There were four studies, all early in the series, which were of insufficient quality for evaluation. In each instance, the patient had conventional carotid angiography before proceeding to surgery. Table 4 shows the findings at carotid endarterectomy. The most c o m m o n cause for the poor quality was misregistration due to an artifact caused by the patient swallowing. In summary, the preoperative IV DSA correctly demonstrated severe carotid artery stenosis in all cases, but inadequately demonstrated ulceration in the presence o f severe carotid artery stenosis. However, in those patients with either moderate carotid stenosis or no stenosis, it accurately identified ulceration. There was no complication as the result of the IV DSA procedure.
Discussion
This study shows that IV DSA reliably predicts severe carotid artery stenosis and deep ulceration in the absence of severe carotid stenosis. Although IV DSA m a y not show ulceration if severe carotid artery stenosis is present, this would not alter the radiological indication for carotid endarterectomy in most cases. Neither IV DSA nor conventional carotid angiography reliably demonstrated ulceration if severe carotid artery stenosis was present. This could be accounted for by the severe stenosis itself obscuring the ulceration or, alternatively, it might be related to the presence of thrombus in the ulcer at the time of investigation. It is conceivable that in some cases thrombus might either resorb or grow in the interval between investigation and surgery. In one case, both IV DSA and IA DSA predicted severe carotid artery stenosis. One week later at carotid endarterectomy, moderate carotid artery stenosis with ulceration was found with thrombus in the ulcer. Possibly thrombus embedded in the ulcer could have caused the severe stenosis noted preoperatively, and it might have resorbed by the time of surgery. There had been no significant neurological event between the IV DSA and IA DSA and surgery so that embolization of the thrombus would have been unlikely. There were no other false-positive IV DSA (or conventional angiography) studies.
Although IV DSA invariably displays the internal carotid artery satisfactorily in the neck and usually in the carotid siphon and intracranially, the remainder of the intracranial circulation is often inadequately visualized so that diffuse vascular disease or a middle cerebral artery stenosis might be overlooked. However, as the indications for carotid endarterectomy in this institution in symptomatic patients are severe carotid artery stenosis or deep ulceration, the presence of these findings alone is usually sufficient indication to warrant surgery. An index of collateral cerebral blood flow can often be obtained by studying the sequences of vascular filling on the IV DSA, as has been reported in cases with internal carotid artery occlusion}
In the 53 procedures, there were no complications that would have been averted by performing conventional cerebral angiography instead. Although IV DSA is not superior to carotid angiography in showing ulceration or stenosis, or in displaying the intracranial vessels, it is a safer technique, with no significant risk of embolization. At this institution there have been no serious complications in over 9000 IV DSA studies.
In this series, four carotid arteries (7.0%) were inadequately visualized by IV DSA. In an earlier investigation of 100 patients from this institution with clinically expected cerebral ischemia, a comparative study of extracranial IV DSA and conventional carotid angiography showed that IV DSA accurately demonstrated the carotid bifurcation in 71% of the arteries evaluated. 3 In a later study, 9 88% of the bifurcations were adequately visualized by IV DSA and failure was most commonly due to misregistration as a result of patients swallowing. Modification in instrumentation, including the conversion from a 256 • 256 matrix to a 512 x 512 matrix, and technical changes such as using different oblique projections have improved the visualization of the vessels and have contributed to the better results in later studies.
The IV DSA procedure now frequently obviates the need for conventional angiography, and the number of patients undergoing carotid surgery without conventional angiography continues to increase. In view of the present findings, it would appear that a technically satisfactory IV DSA, visualizing the major extracranial and intracranial arteries, is an adequate preoperative imaging technique before carotid artery surgery.
